The aim of the study was to analyse the effect of the active pharmaceutical ingredient on the fl owability of the powder and properties of tablets prepared using direct compression method. Each analysed formulation contained one model active pharmaceutical ingredient, diphenhydramine, ketoprofen or loratadine. Granulometric properties of the powder formulations were determined based on bulk density prior and after compression, Hausner ratio, Carr index and angle of repose values. The analysis of manufactured tablets included determination of their hardness, thickness, mass, disintegration time, wettability, contact angle and swelling index values. The preformulation study confi rmed that characteristics of the active pharmaceutical ingredient might have modifi ed physicochemical properties of both powder formulations and tablets.
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Recent progresses in pharmaceutical sciences have been primarily oriented at optimization of the safety and effi cacy of pharmacotherapy. Despite development of many innovative drug formulations, tablets are still most accepted by the patients, and direct compression technology is one of the most commonly used methods to produce solid drug forms for oral use [1] [2] [3] . Primary strengths of this method are its low cost and high throughput. However, aside from many advantages, this technique has some drawbacks too, such as the need for adequate fl owability of tablet mass. The latter parameter is determined by numerous factors, such as the shape, size and surface of powder particles, their mutual interactions and environmental conditions such as humidity [4, 5] . Low fl owability of the powder may cause technological problems; the most serious of them include uneven fi lling of the tablet press, substantial differences in the mass and hardness of the tablets [3, 6] . Moreover, one of the problems during drug production is the particle segregation. This means that there is no homogeneous distribution of the ingredients in the powder blend, and thus the uniformity of the manufactured tablets cannot be guaranteed. The main risk factor for segregation is the wide particle size distribution. In order to avoid this phenomenon, micronization of solid particles should be carried out. Micronization allows achievement of better physical properties of the drug such as changes in the morphological structure, increased powder mass homogeneity and the surface area of molecules in relation to the mass. The consequence of micronization is improvement of the dissolution rate of drug substances and bioavailability [7] [8] [9] [10] .
To satisfy the requirements of the compression process, the powder needs to have some specifi c characteristics. Also, tablets manufactured from the powder should have appropriate physical properties, such as hardness, wettability and disintegration time. The latter parameter is particularly important in case of tablets that need to dissolve quickly. Although orally disintegrating tablets (ODTs) have been known for more than 20 y, they continue to be popular, primarily because of a greater comfort of use compared to conventional tablets [11] .
The properties of ODTs depend on many variables, including properties of excipients as well as the manufacturing process [12] . To obtain ODTs, various methods such as freeze drying, direct compression, granulation, spray drying, phase change and threedimensional printing can be used. However the direct compression technique distinguishes itself among other methods by simplicity and also it is the most desirable process in terms of time and economy [13] . Furthermore, in this type of process it is also possible to use moist or heat sensitive ingredients that would be contraindicated in the case of wet granulation [10] . Additionally, the choice of direct compression is rationalized from the fact that granulation can reduce superdisintegrants functionality in the meaning of water uptake and swelling ability [14] .
Another factor that should be considered during development of tablet formulation is the nature of the active pharmaceutical ingredients (API). Differences in physicochemical properties of API can result in variation of properties of powder blends and tablets. Therefore, further studies concerning this correlation should be performed.
The aim of this study was to design a formulation for ODTs containing one of three model APIs, diphenhydramine or ketoprofen or loratadine. The APIs were the only element that differentiated the composition of the analyzed formulations. This enabled us to evaluate how the nature of an API infl uenced the fl owability of the powder and properties of the tablets that were manufactured from it using direct compression method. 
MATERIALS AND METHODS

Preparation of powder formulation:
Based on published data, 3 APIs with different physicochemical properties were chosen (Table 1) . Diphenhydramine is an example of a hydrophilic compound. Loratadine is a hydrophobic drug, whereas ketoprofen exhibits indirect properties [15] [16] [17] [18] . Moreover, diphenhydramine and loratadine are ideal candidates for incorporation into orodispersible tablets, because formulations for ODTs may exhibit rapid onset of action. This feature is important in case of defi nite medical conditions, such as episodes of allergic attack [19] . Selected model drugs were used to prepare three formulations for ODTs, differing solely in terms of their APIs (Table 2) .
After sieving through a sieve with a 0.5 mm mesh diameter, the ingredients for each formulation were weighed at an amount suitable for preparation of 400 tablets. The ingredients were micronized in a mortar. As a result, all components from formulation F1, F2 and F3 demonstrated the same size of particles. The obtained powder was sieved through a sieve with a 0.71 mm mesh diameter. The powder prepared as described above was subjected to fl owability studies and used to manufacture tablets with direct compression method. Also, the tablets containing solely the excipients were prepared. Both types of tablets were pressed using spherical stamps with 8 mm in diameter. Furthermore, each of the three APIs were compressed into tablets using 11 mm spherical stamps.
Powder fl owability studies, determination of angle of repose:
The analyses of powder masses included determination of the angle of repose, angle of slide, bulk density before and after the compression, Hausner ratio and Carr index values. To determine the angle of repose, a constant amount of the powder was poured freely through a glass funnel with a 10 mm outlet diameter on the surface of an immobile plate with a radius of 3.15 mm. During the test, the funnel was kept 2 cm above the top of the cone formed by the powder. Then, the height of the cone was measured and used to calculate the angle of repose from the following Eqn., tgα = h/0.5×d, where h is the height of the cone and d is the base diameter.
Determination of the angle of slide:
A constant amount of the powder was applied on one end of a 20×10 cm glass plate, and the opposite shorter edge of the plate was fi xed on a fl at surface. Then, the end of the plate with applied tablet mass was gradually elevated until the powder freely slid down the plate. The angle between the surface and the plate was recorded as the angle of slide.
Determination of bulk density before and after compression:
The test was conducted with an aid of a volumeter, in line with the 11 th edition of Polish Pharmacopeia (FP XI) [18] . First, the volume of the powder and its weight were determined. Then, these parameters were used to calculate bulk density of the powder before and after compression from the following Eqns., ρ 0 = powder mass/volume before compression×[g/ml], ρ 1 = powder mass/volume after compression×(g/ml), where ρ 0 is the bulk density before compression, ρ 1 is the bulk density after compression. Based on the results, another two parameters, Hausner ratio and Carr index were calculated using the Eqns. presented below. Hausner ratio = ρ 1 /ρ 0 ; Carr index = ρ 1 -ρ 0 /ρ 1 ×100 (%). The same methodology was also used to determine the fl owability of each of the APIs [18, 20] .
Determination of particle size distribution within the powder using sieve analysis:
The test was conducted on a sieve analyser, using 30 g of the powder and sieves with 0.5, 0.15, 0.071, 0.045 and 0.032 mm mesh diameters [18] .
Determination of tablet properties:
Morphological assessment was done by determining the size and mass for 20 randomly selected tablets. Disintegration time was carried out as described in FP XI [18] , with an aid of a tablet disintegration tester. The test was conducted on six randomly chosen tablets from each formulation, with distilled water with a temperature of 37° as an acceptor fl uid. Crushability test was conducted with a hardness tester, on ten randomly chosen tablets, as described in FP XI [18] . Friability of non-coated tablets was conducted as described in FP XI [18] , with an aid of an abrasion tester.
Water absorption index and wetting time:
Five millilitres of the solution containing a blue dye, methylene blue, dissolved in water was poured to a 5 cm Petri dish. Then, fi ve rings of fi ltration paper were placed in the dish, one on another. A previously weighed tablet was applied onto the surface of the paper rings, and its wetting time was measured until the whole upper surface of the tablet was colored in blue. Then, the tablet was weighed again. The test was conducted for ten tablets from formulations F1, F2 and F3, as well as for tablets that contained solely the excipients. The results were used to calculate water absorption index, using the following Eqn., % R = W a -W b /W b ×100, where W a is tablet weight after wetting, W b is tablet weight before wetting [21] .
Wettability was determined based on the value of contact angle measured with a sessile drop method. The contact angle is formed by the tangent of the droplet applied onto the examined tablet and fl at surface of the latter [18] . To determine the contact angle, the tablet was placed on a fl at surface, and a single drop of water was applied with a micropipette. Immediately after that, an image was taken with an aid of a microscope camera and used to estimate the contact angle with Smart Analysis software. The measurement was repeated seven times for each formulation.
Minimum volume of water needed for complete wetting of the tablet was determined after placing the tablet on a Petri dish, a prespecifi ed volume of water was applied onto its surface, and the degree of tablet wetting was estimated by palpation. First, 0.5 ml of water was applied, which corresponded to a baseline secretion of saliva in human oral cavity [22] . Subsequently, the amount of applied water was reduced at 0.1 ml increments down to 20 μl, and then, at 5 μl increments. The test was repeated three times.
True density was calculated using the following Eqn., D t = 4mt/πhd 2 , where D t is true density (g/cm 3 ), mt is an average mass of tablet (g), h is an average thickness of tablet (cm) d is an average diameter of tablet (cm) [23] .
RESULTS AND DISCUSSION
The fl owability of three powder mixtures, formulations for ODTs, containing APIs with different physicochemical properties was analysed. Furthermore, the properties of tablets manufactured from the powders using direct compression method was determined using both pharmacopoeial and nonpharmacopoeial methodology [21] .
The sieve analysis demonstrated that irrespective of analyzed formulation, the largest portion of the powder was retained on a sieve with a 0.15 mm mesh size. For F2 and F3 formulations, the distribution of particles on the remaining sieves was even, whereas the distribution of particles within the F1 formulation followed the pattern: 0.15>0.032>0.071>0.045 mm ( Table 3 ).
The study demonstrated that powder formulation F1 was the most fl owable, as shown by the lowest values of the angle of repose and the angle of slide. In line with the criteria published in FP XI, the fl owability of this formulation was relatively good. Formulations F2 and F3 had worse fl owability, merely suffi cient according to the pharmacopoeial standards [18] . Formulation F1 had the highest bulk density, both before and after the compression. No substantial between-formulation differences were documented in Hausner ratio and Carr index (Table 4) .
A signifi cant correlation was found between powder and API fl owability. Both diphenhydramine and formulation F1 containing this API were characterized by the best fl owability, whereas the fl owability of the other two active ingredients and respective formulations, F2 and F3, were worse, which might correspond to their greater cohesiveness resulting from stronger interparticle forces. 
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ABLE 4: GRANULOMETRIC PARAMETERS OF ANALYZED FORMULATIONS AND ACTIVE PHARMACEUTICAL INGREDIENTS
F1 is formulation 1 (with diphenhydramine hydrochloride), F2 is formulation 2 (with ketoprofen), F3 is formulation 3 (with loratadine), API 1 (active pharmaceutical ingredient 1) is diphenhydramine hydrochloride, API 2 is ketoprofen, API 3 is loratadine 
TABLE 5: PHYSICOCHEMICAL CHARACTERISTICS OF TABLETS PREPARED FROM FORMULATIONS F1, F2 AND F3
F1 is formulation 1 (with diphenhydramine hydrochloride), F2 is formulation 2 (with ketoprofen), F3 is formulation 3 (with loratadine), V min is minimum volume of water needed for complete wetting of tablets (μl)
Three formulations of ODTs were manufactured using direct compression. The tablets were white, with smooth surface free from visible abrasions. Physicochemical characteristics of the tablets are presented in Table 5 .
Standard deviation from mean mass of each tablet formulation remained within the pharmacopoeial limit [18] . The lowest value of this parameter was determined for formulation F1, which might result from its better fl owability and lesser contribution of interparticle cohesive forces.
Each formulation showed adequate friability, consistent with pharmacopoeial standards [18] . Formulation F3 had greater mechanical resistance than formulations F1 and F2, as shown by its greatest hardness and lowest friability.
The tablets from all formulations satisfi ed the pharmacopoeial standards for disintegration time (less than 3 min) [18] . Moreover, the disintegration time for all tablets was consistent with the US Food and Drug Administration requirements according to which, this parameter should not be longer than 30 s [24] . Formulation F3 had the longest disintegration time (19 s) of all the analyzed tablets.
The minimum volume of water (V min ) needed for complete wetting of the tablets from each formulation was smaller than the baseline secretion of human saliva. Analysed formulations differed in terms of their swelling indices and wetting times ( Table 5 ). The highest values of both parameters were observed for formulation F3. Formulation F1 was characterized by the lowest value of water absorption index, and formulation F2 had the shortest wetting time. The highest volume of water was absorbed by the tablets manufactured solely from the excipients (water absorption index 317.366 %); the addition of API worsened the swelling indices of the tablets. Moreover, regardless of the formulation, the addition of API contributed to a substantial increase in wetting time, which was substantially longer than in the case of the tables without any APIs (4.2 s).
A signifi cant linear correlation was found between the wetting time and tablet hardness. Moreover, the wetting time correlated signifi cantly with tablet disintegration time (fi g. 1). Hence, greater density of the tablet resulted in longer wetting time, which was in turn refl ected by longer disintegration time. The lowest value of contact angle implied that formulation F1 was characterized by the best wettability of tablet surface. Formulation F3 turned out to be the most hydrophobic, as shown by the highest value of the contact angle. Contact angle values for the tablets composed solely of the APIs followed the analogous pattern, i.e. API1<API2<API3 (Table 6 , fi g. 2). The addition of API to the formulation contributed to an increase in contact angle value, the most evident for formulation F3.
In conclusion, characteristics of API seem to infl uence the fl owability of powder formulations. In this study, the best fl owability was observed for the formulation with diphenhydramine, as shown by both granulometric properties of the powder formulation and standard deviation from the mass of manufactured tablets. Hence, a change of API within the formulation seems to contribute to differences in physicochemical properties of manufactured tablets. All analyzed formulations satisfi ed the pharmacopoeial criteria for tablets, which implies that they could be used on a larger scale than in a laboratory setting. Disintegration time of the tablet may be estimated based on its wetting time. Lower hydrophilicity of the API may contribute to better swelling ability of the tablet, which results from hydrophobic interactions creating spaces for water penetrating into the tablet. Greater lipophilicity of the a.
b. c. API (higher value of octanol/water separation index) may be a factor contributing to longer disintegration time of the tablet. Weaker hydrophilic properties of the API may be refl ected by greater hydrophobicity of the tablet's surface, which in turn contributes to its lesser wettability. In addition, it is worth noting that many factors during manufacturing process, such as mechanical stress, compaction pressure or temperature increase may induce phase transformation of the API. This modifi cation can infl uence the properties of the fi nal dosage form like wettability of tablet's surface.
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